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(54) An electron multiplier 

(57) In a photomultiplier tube, the dynode unit 10 is 
constructed from a plurality of stages of dynodes 1 1 
laminated one on another for multiplying incident elec- 
trons in a cascade manner through each of a plurality of 
channels. The anode unit 13 has a plurality of anodes 
24 which define a plurality of electron passage gaps 14 
each for transmitting the electrons emitted from the dyn- 
ode unit 10 at a corresponding channel. The inverting 
dynode plate 15 is provided with a plurality of electron 
incident strips 17 each for receiving electrons having 
passed through a corresponding electron passage gap 
14 in the anode unit 13, multiplying the electrons, and 
guiding the electrons back to the corresponding anode 
24. The electron incident strip 17 is designed to have: 
the main surface 18a confronting the electron passage 
gap 14; and the rising surface 18c rising toward the 
anode unit 13 from the edge 18b of the main surface 
18a which is located at a position confronting the elec- 
tron passage gap 14 in the anode unit 13. 
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Description 

[0001] The present invention relates to an electron 
multiplier and a photomultiplier tube each of which has 
an inverting dynode for inverting orbits of electrons 
which have passed through gaps provided in multi- 
anodes and for guiding the electrons back to the multi- 
anodes. 

[0002] A multi-anode type photomultiplier tube pro- 
vided with an inverting dynode has been proposed, for 
example, by Japanese Patent Unexamined Patent 
Application Publication (Kbkai) No. 6-3 14550. 
[0003] Fig. 1 schematically shows a part of the multi- 
anode type photomultiplier tube of this publication. The 
photomultiplier tube includes a block-shaped dynode 
unit 1 00. The dynode unit 1 00 is constructed from a plu- 
rality of dynode plates which are stacked one on 
another. The plurality of dynode plates multiply elec- 
trons in a cascade manner. An anode unit 1 01 is located 
below the dynode unit 100. The anode unit 101 is con- 
structed in a multi-anode structure. That is, the anode 
unit 101 includes a plurality of anodes 103, which are 
separated from one another by a plurality of electron 
passage gaps 102, through which electrons emitted 
from the dynode unit 1 00 pass. 

[0004] An inverting dynode plate 104 is located below 
the anode unit 101. The inverting dynode plate 104 is 
formed with a plurality of electron incident portions 106. 
The electron incident portions 106 are provided in one- 
to-one correspondence with the anodes 103. That is, 
each electron incident portion 106 is located confronting 
an electron passage gap 102 that is positioned to the 
left of a corresponding anode 103. Each electron inci- 
dent portion 106 has an upper flat surface 105 for 
receiving electrons which have passed through its con- 
fronting electron passage gap 102, for generating sec- 
ondary electrons, and then for invertedly guiding the 
secondary electrons to the corresponding anode 103. 
[0005] In the above-described photomultiplier tube, 
however, each electron incident surface 105 is entirely 
flat. Accordingly, when electrons fall incident on the 
electron incident surface 105 and secondary electrons 
are emitted from the surface 105, the direction, in which 
the secondary electrons are emitted, is widely distrib- 
uted as indicated by arrows in Fig. 1 . Accordingly, even 
though a part of the secondary electrons will properly 
reach a desired corresponding anode 103. another 
remaining part will reach an undesired anode 1 03 that is 
located to the left of the desired anode 1 03. This results 
in crosstalk in the multi-anode photomultiplier tube. 
[0006] The present invention is attained in view of the 
above-described problems. An object of the present 
invention is therefore to provide an electron multiplier 
and a photomultiplier tube which can provide signals 
with suppressed crosstalk. 

[0007] In order to attain the above and other objects, 
the present invention provides an electron multiplier, 
comprising: an electron multiplying portion constructed 



2 

from a plurality of stages of dynodes laminated one on 
another, each stage of dynode plate having a plurality of 
channels each for multiplying incident electrons, the 
electron multiplying portion multiplying incident elec- 

5 trons in a cascade manner through each of the plurality 
of channels; an anode unit having a plurality of anodes 
defining a plurality of electron passage gaps each for 
transmitting therethrough electrons emitted from a cor- 
responding channel of the electron multiplying portion; 

w and an inverting dynode having a plurality of electron 
incident portions each for receiving electrons having 
passed through a corresponding electron passage gap 
in the anode unit and for guiding the electrons back to 
the corresponding anode, each of the plurality of elec- 

75 tron incident portions including a main surface confront- 
ing the corresponding electron passage gap and a 
rising surface which rises in a direction toward the 
anode unit from an edge of the main surface which is 
located at a position confronting the corresponding 

20 electron passage gap. 

[0008] Each of the plurality of electron incident por- 
tions may include a main portion having the main sur- 
face which confronts the corresponding electron 
passage gap and a rising portion which rises in a direc- 
ts tion toward the anode unit from an edge of the main por- 
tion, the edge being located at a position confronting the 
corresponding electron passage gap, the rising portion 
having the rising surface which rises from the main sur- 
face, The rising surface of each electron incident portion 

30 may confront the corresponding anode. 

[0009] The plurality of anodes may be arranged in a 
matrix structure. In this case, the inverting dynode may 
have a separating portion for dividing the plurality of 
electron incident portions into at least two groups, each 

35 electron incident portion further including a separating 
rising surface which rises in a direction toward the 
anode unit from an end of the main surface at a position 
confronting the electron passage gap of the corre- 
sponding anode and which connects the main surface 

40 to the separating portion. 

[0010] The above and other objects, features and 
advantages of the invention will become more apparent 
from reading the following description of the preferred 
embodiment taken in connection with the accompany- 

45 ing drawings in which: 

Fig. 1 is a sectional view of a conventional photom- 
ultiplier tube; 

Fig. 2 is an external perspective view of a photom- 
so ultiplier tube of a first embodiment of the present 
invention; 

Fig. 3 is an exploded perspective view of an elec- 
tron multiplier assembly employed in the photomul- 
tiplier tube of the first embodiment; 
55 Fig. 4 is a plan view of a part of an inverting dynode 
plate; 

Fig. 5 is a sectional view taken along a line V - V of 
Fig. 4; 
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Fig. 6 is a perspective view showing the relationship 
between a final stage dynode, an anode unit and 
the inverting dynode plate; 
Fig. 7(a) is a sectional view of each electron inci- 
dent portion of the inverting dynode plate according 
to modifications; 

Figs. 7(b) and 7(c) are sectional views of further 
modifications of the electron incident portion; 
Fig. 8(a) is an enlarged perspective view of an end 
portion of the electron incident portion; 
Fig. 8(b) is an enlarged perspective view of a modi- 
fication of the end portion of the electron incident 
portion; 

Fig. 9 is a sectional view of a part of the photomul- 
tiplier tube; 

Fig. 10 is an exploded perspective view of an elec- 
tron multiplier assembly employed in a photomulti- 
plier tube of a second embodiment; 
Fig. 1 1 is a plan view of an anode unit used in the 
photomultiplier tube of the second embodiment; 
Fig. 12 is a plan view of an inverting dynode plate 
used in the photomultiplier tube of the second 
embodiment; 

Fig. 13 is a sectional view taken along a line Xlil - 
XIII of Fig. 12; 

Fig. 14 is a perspective view of an essential portion 
of the inverting dynode plate of Fig. 12; and 
Fig. 15 is a sectional view of a modification of the 
inverting dynode plate. 

[0011] A photomultiplier tube according to preferred 
embodiments of the present invention will be described 
while referring to the accompanying drawings wherein 
like parts and components are designated by the same 
reference numerals. 

[001 2] A first embodiment will be described below with 
reference to Figs. 2 through 9. 

[0013] Directional terms, such as up, down, right, and 
left will be used in the following description with refer- 
ence to the state of the photomultiplier tube 1 located in 
an orientation shown in Fig. 2. 

[0014] Fig. 2 is a perspective external view showing a 
box-shaped photomultiplier tube 1 of the present 
embodiment. As apparent from the figure, the photom- 
ultiplier tube 1 has an evacuated envelope 200 having a 
generally square-shaped faceplate 3, a generally cylin- 
drical metal sidewall 2 having a square cross-section, 
and a generally square-shaped stem 5. The square- 
shaped faceplate 3 is sealingly attached to one open 
end (upper open end) of the square-cylindrical sidewall 
2. For example, the square-shaped faceplate 3 is air- 
tight welded to the upper open end of the cylindrical 
sidewall 2. The faceplate 3 is made of glass. A photo- 
cathode 4 is formed on the interior surface of the face- 
plate 3. The photocathode 4 is for converting incident 
light into photoelectrons. The stem 5 is sealingly 
attached to the other open end (lower open end) of the 
cylindrical sidewall 2. 



[001 5] Inside the envelope 200 is provided an electron 
multiplier assembly 27, shown in Fig. 3, for multiplying 
photoelectrons emitted from the photocathode 4. 
[0016] The multiplier assembly 27 includes: a plate- 

5 shaped focusing electrode 7; a block-shaped dynode 
unit 10; an anode unit 13; and an inverting dynode plate 
1 5. The dynode unit 10 is constructed from eight stages 
of dynode plates 1 1 which are arranged as stacked one 
on another. The eight stages of dynode plates include a 

10 first stage dynode plate 11a which is located at the 
uppermost position of the dynode unit 10, a second 
stage dynode plate 11c which is located just below the 
first stage dynode plate 11a, and a final stage dynode 
plate 11b which is located at the lowermost position of 

is the dynode unit 10. 

[001 7] The stem 5 is a generally square-shaped metal 
plate. A metal exhaust tube 6 is provided in the center of 
the stem 5 to protrude vertically downward as shown in 
Fig. 3. A plurality of stem pins or stem leads 23 are pro- 

20 vided also extending vertically through the stem 5. The 
focusing electrode 7, the dynode unit 10, the anode unit 
13, and the inverting dynode plate 15 are fixed to the 
stem 5 via the corresponding stem pins 23. The stem 
pins 23 thus support the focusing electrode 7, the dyn- 

25 ode unit 1 0, the anode unit 13, and the inverting dynode 
plate 15 in the integral assembly 27. For example, the 
focusing electrode 7 is supported by four stem pins 23 
that are located at the corners of the square stem 5. 
[0018] The stem pins 23 are also for supplying volt- 

30 ages to the multiplier assembly 27. That is, the stem 
pins 23 are connected to an electric source (not shown) 
so that the focusing electrode 7, the dynode unit 10, the 
anode unit 13, and the inverting dynode plate 15 are 
supplied with predetermined electric voltages. The 

35 focusing electrode 7, the dynode unit 10, the inverting 
dynode plate 15, and the anode unit 13 are supplied 
with the predetermined electric voltages so that the 
focusing electrode 7, the dynode unit 10, the inverting 
dynode plate 15, and the anode unit 13 have gradually 

40 increased potentials in this order. The respective stages 
of dynode plates 1 1 in the dynode unit 10 are supplied 
with predetermined voltages so that the dynodes of the 
respective stages have gradually increased potentials 
toward the anode unit 13. 

45 [001 9] It is noted that the stem 5 and the four pins 23 
that support the focusing electrode plate 7 are made to 
have the same electric potential by the electric source 
(not shown). When the assembly 27 is mounted in the 
envelope 200, the stem 5 is electrically connected to the 

so sidewall 2. The sidewall 2 is electrically connected to the 
photocathode 4. Accordingly, when the assembly 27 is 
mounted in the envelope 200, the photocathode 4 is 
electrically connected to the focusing electrode plate 7. 
Thus, the photocathode 4 and the focusing electrode 

55 plate 7 have an equal electric potential. 

[0020] The multiplier assembly 27 will be described 
below in greater detail. 

[0021 ] Each stage dynode plate 1 1 in the dynode unit 
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10 is electrically conductive and has upper and lower 
surfaces. In the plate 1 1 , there are formed a plurality of, 
sixteen in this example, through-holes 12 by etching or 
other means. Each through-hole 12 has a long, rectan- 
gular cross-section. The through-holes 12 are arranged 
in a one-dimensional array along a predetermined 
direction D. In other words, first through sixteenth 
through-holes 12 1 through 12 16 are arranged in the 
direction D. The inner surface of each through-hole 12 is 
curved and tapered as shown in Fig. 9. Thus, the inner 
surface of the through-hole 12 is slant relative to an inci- 
dence direction of electrons entering the through-hole 
12 from the photocathode 4. The curved and slant inner 
surface of the through-hole 12 is formed with a second- 
ary electron emitting layer made of secondary electron 
emitting substance such as antimony (Sb) and alkali 
metal. When electrons entering the through-hole 12 
impinge on the inner surface of the through-hole 12, 
secondary electrons are emitted from the inner surface. 
[0022] In the dynode unit 1 0, as shown in Fig. 9, each 
dynode plate 1 1 is laid on its adjacent lower dynode 
plate 11 in such a manner that secondary electrons 
emitted from the slanted inner surface of each through- 
holes 12i at each dynode plate 11 will properly enter a 
corresponding through-hole 12i at the corresponding 
adjacent lower dynode plate 11 where lsi£16. Thus, 
each through-hole 12i at each dynode plate 11 is 
located at a position where secondary electrons, emit- 
ted from the corresponding through-hole 121 at the 
upper adjacent stage dynode plate 1 1 , can reach. 
[0023] With the above-described structure of the dyn- 
ode unit 10, sixteen channels (first through sixteenth 
channels) are created by the sixteen through-holes 12 1 
through 12 16 in the successively-stacked dynode plates 
1 1 . Incident electrons can be multiplied through each of 
the sixteen channels. That is, when electrons are inci- 
dent on the first stage dynode plate 1 1a at one through- 
hole 12i (1sisi6), the electrons impinge on the slant- 
edly-curved inner surface of the through-hole 12L Sec- 
ondary electrons are emitted from the secondary 
electron emitting layer on the slanted surface. The sec- 
ondary electrons are then guided by an electric field 
formed by a potential difference between the first stage 
dynode plate 1 1a and the second stage dynode plate 
11c, and fall incident on the second stage dynode plate 
11c and multiplied there again in the same way. Thus, 
the flow of incident electrons are multiplied by second- 
ary electron emission through each of the sixteen chan- 
nels. 

[0024] The structure of the through-holes 12 in each 
dynode plate 11 is disclosed in United States Patent 
No.5,410, 21 1 , the disclosure of which is hereby incor- 
porated by reference. 

[0025] The focusing electrode plate 7 is located above 
the dynode unit 10 and just below the photocathode 4. 
The focusing electrode plate 7 is formed with sixteen slit 
openings 9 which are arranged in a one-dimensional 
array along the direction D. That is, first through six- 



teenth openings 9 n through 9 16 are arranged in the 
direction D. The sixteen slit openings are separated 
from one another by fifteen electrode strips 30. The 
electrode strips 30 are supported to a frame portion 31 

5 of the focusing electrode plate 7. Each slit opening 9i is 
located in confrontation with a corresponding through- 
hole 12i of the dynode unit 10 where lsisi6. Each slit 
opening 9i defines a channel (i-th channel) for guiding 
photoelectrons to the corresponding channel 12i where 

10 1^16. The focusing electrode plate 7 establishes an 
electron lens effect in each slit opening 9i due to an 
electric potential induced to the frame portion 31 and 
the electrode strips 30. Each slit opening 9i therefore 
serves to electrically guide electrons, that are incident 

15 on the subject slit opening 9i, into a corresponding 
through-hole 12i of the first stage dynode plate 11. 
Thus, each channel 9i serves to guide photoelectrons 
from the photocathode 4 to a corresponding channel 1 2i 
of the dynode unit 10. 

20 [0026] The anode unit 13 and the inverting dynode 
plate 15 are disposed in this order beneath the final 
(eighth) stage dynode plate 1 1b of the dynode unit 10. 
The anode unit 13 is constructed from sixteen elon- 
gated anode strips 24, which are electrically insulated 

25 from one another. The anodes 24 are arranged in a one- 
dimensional array along the direction D. That is, first 
through sixteenth anodes 24-j through 24 16 are 
arranged in the direction D. In the anode unit 13, sixteen 
electron passage gaps 14 (first through sixteenth gaps 

30 14-j through 14 16 ) are defined. In Figs. 5 and 9, each 
gap 1 4i is defined as located to the left of a correspond- 
ing anode 24i where 1^16. Each anode 24i is located 
as shown in Fig. 9 so that its corresponding electron 
passage gap 1 4i is located at a position where second- 

35 ary electrons, emitted from a corresponding through- 
hole 12i at the final (eighth) stage dynode plate 11b, 
reach. 

[0027] As shown in Figs. 3, 4, and 5, the inverting dyn- 
ode plate 15 is located below the anode unit 13. The 

40 inverting dynode plate 1 5 is for inverting the orbits of the 
secondary electrons, which have passed through the 
gaps 14 in the anode unit 13, in a direction back to the 
anode unit 13. The inverting dynode plate 15 is formed 
with sixteen electron incident strips 17 (first through six- 

45 teenth strips 17, through 17 16 ) which are arranged in a 
one-dimensional array in the direction D. Each electron 
incident strip 17i constitutes an i-th channel and is 
located in confrontation with the corresponding electron 
passage gap 14i (1^16). That is, each electron inci- 

so dent strip 1 7i is located at a position where secondary 
electrons having passed through the corresponding 
electron passage 14i reach. 

[0028] As shown in Fig. 9, each electron incident strip 
171 is for receiving electrons having passed through the 
55 gap 1 4i that confronts the subject strip 1 7i. The electron 
incident strip 17i then emits secondary electrons and 
guides the electrons toward an anode 24i of the same (i- 
th) channel, where 1^isi6. Thus, each strip 17i is for 
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inverting the orbits of the electrons having passed 
through the confronting gap 14i and for guiding the elec- 
trons to the corresponding anode 24i. It is noted that a 
slit-shaped through-hole 16 is formed between each 
pair of adjacent electron incident strips 17. The slit- 
shaped through-holes 16 are for guiding alkali metal 
vapor introduced from the tube 6 into the inside of the 
envelope 200 during the manufacturing process as will 
be described later. 

[0029] As shown in Fig. 5, each electron incident strip 
17i is formed with an electron incident surface 18 on its 
upper surface. The electron incident surface 18 of each 
electron incident strip 17i is located to receive electrons 
having passed through the corresponding electron pas- 
sage gap 14i. 

[0030] As shown in Fig. 6. the electron incident sur- 
face 18 of each strip 1 7 (17i) is constructed from a main 
flat surface 18a and a rising surface 18c. The rising sur- 
face 18c rises or extends upwardly, from an edge 18b of 
the flat surface 18a, in a direction toward the anode unit 
13. More specifically, each strip 17i is constructed from 
a main flat plate portion 17a and a projection wall por- 
tion 17c which projects upwardly from a leftside edge 
17b of the main flat plate portion 17a in Fig. 6. The flat 
plate portion 17a has the main flat surface 18a as its 
upper surface. The projection wall portion 17c has the 
rising surface 18c as its surface that faces rightwardly. 
The main flat surface 18a and the rising surface 18c of 
each electron incident strip 171 therefore confronts the 
corresponding anode 24i that is located in an upper- 
rightside position of the subject strip 17i as shown in 
Fig. 5. 

[0031] For example, when the anodes 24, each of 
which has a width W1 of 0.34mm, are arranged at a 
pitch P1 of 1.0 mm in the direction D, the electron inci- 
dent portions 17 are arranged at a pitch P2 of 1.0 mm. 
A distance D2 between each two adjacent incident por- 
tions 17 is set to 0.3 mm. A horizontal shift distance D1 
between the anodes 24 and the corresponding electron 
incident portions 17 is set to 0.515 mm. A vertical shift 
distance D3 between the anodes 24 and the electron 
incident portions 1 7 is set to 0.367 mm. In this case, the 
thickness T1 of the main flat plate portion 17a of each 
electron incident portion 17 is set to 0.083 mm, and the 
height H1 of the projection wall portion 17c is set to 0.25 
mm. An electric potential difference between the 
anodes 24 and the electron incident portions 1 7 is set to 
64 volts, for example. That is, a difference (V24 - V17) 
between an electric potential V24 of the anodes 24 and 
an electric potential V1 7 of the electron incident por- 
tions 17 is set to 64 volts. A difference (V17 - V11b) 
between the electric potential V17 and an electric 
potential V1 1b of the final stage dynode plate 1 1 b is set 
to 64 volts. A difference (V24 - V1 lb) between the elec- 
tric potential V24 and the electric potential V1 1 b is set to 
128 volts. 

[0032] The rising surface 1 8c is preferably curved with 
respect to the flat surface 18a as shown in Figs. 5 and 



6. When the rising surface 18c is thus curved, equipo- 
tential surfaces having the same curved shape as the 
rising surface 18c are developed in a space between 
the rising surface 18c of each strip 17i and the corre- 

5 sponding anode 24L The thus established equipotential 
surfaces therefore increase the number of secondary 
electrons to be properly picked up by the anode 24 of 
the same channel. The electron incident surface 1 8 hav- 
ing the above-described shape is formed through an 

w etching operation or the like. The electron incident sur- 
face 1 8 is coated with secondary electron emission sub- 
stance such as antimony and alkali metal. Upon receipt 
of electrons, therefore, the electron incident surface 18 
emits secondary electrons. 

is [0033] As indicated by solid line in Fig. 7(a). the corner 
29 at the edge 18b between the surfaces 18a and 18c 
may be right angled. That is, the surface 18c may not be 
curved, but may be planar, and may extend perpendicu- 
larly with respect to the surface 18a. Or, the rising sur- 

20 face 18c may be slanted with respect to the main flat 
surface 18a as indicated by one-dot-and-one-chain line 
in that figure. Only the corner 29 at the edge 18b 
between the surfaces 18a and 18c may be designed as 
curved as shown in Fig. 7(b) or slanted as shown in Fig. 

25 7(c). In all these cases, both the surfaces 18a and 18b 
can properly confront the corresponding anode 24. 
[0034] As shown in Figs. 4 and 8(a), the inverting dyn- 
ode plate 15 further has a frame portion 29 which sup- 
ports the plurality of electron incident strips 17. Each 

30 electron incident portion 17 is connected to the frame 
29 via its opposite side walls 28. The opposite side walls 
28 are formed at opposite ends 18d of each electron 
incident strip 17 along its longitudinal direction, i.e., 
along a direction orthogonal to the direction D. Each 

35 side wall 28 rises, from the corresponding end portion 
18d of the main flat surface 18a, upwardly in a direction 
toward the anode unit 13. 

[0035] Similarly to the rising surface 18c, each side 
wall 28 is curved with respect to the main flat surface 

40 18a. However, the side wall 28 may not be curved, but 
may be slanted with respect to the main surface 18a as 
shown in Fig. 8(b). Similarly to the rising surface 18c 
shown in Figs. 7(a) - 7(c), the corner between the rising 
surface 28 and the main flat surface 18a may be right 

45 angled. Only the corner between the rising surface 28 
and the main flat surface 18a may be slanted or curved. 
In all these cases, the side wall 28 of each electron inci- 
dent portion 171 can confront the corresponding anode 
24i. 

so [0036] During manufacture of the photomultiplier tube 
1 having the above-described structure, the faceplate 3, 
with its inner surface being vacuum-deposited with anti- 
mony (Sb), is first sealingly attached to the upper open 
end of the square-cylindrical sidewall 2. Then, the elec- 

55 tron multiplier assembly 27 is mounted onto the stem 5 
via the stem leads 23. An inner surface of each through- 
hole 12 at each dynode plate 11 is already vacuum 
deposited with antimony (Sb). The electron incident sur- 
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face 18 of each electron incident strip 17 is also already 
vacuum deposited with antimony (Sb). Then, the multi- 
plier assembly 27 mounted with the stem 5 is inserted 
into the square-cylindrical sidewall 2 through the lower 
open end. Then, the stem 5 is sealingly attached to the 5 
lower open end of the sidewall 2. 
[0037] The tube 6, connected to the stem 5, is then 
connected to an exhaust system, such as a vacuum 
pump (not shown), to provide communication between 
the interior of the photomultiplier tube 1 and the exhaust w 
system. The exhaust system evacuates the envelope 
200 via the tube 6, and then alkali metal vapor is intro- 
duced into the envelope 200 through the tube 6. The 
alkali metal is activated with the antimony on the face- 
plate 3 to produce the photocathode 4. The alkali metal 15 
is activated also with the antimony on the inner surface 
of each through-hole 12 to produce the secondary elec- 
tron emitting layer. The alkali metal is activated also with 
the antimony on the electron incident surface 1 8 of each 
electron incident strip 17 to produce the secondary 20 
electron emitting layer. The tube 6 is unnecessary after 
production of the photomultiplier tube 1 is complete, and 
so is severed at the final stage of producing the photo- 
multiplier tube 1 through a pinch-off sea) or the like. 
[0038] The manufacturing method is described in 25 
detail in United States Patent No.5,504,386, the disclo- 
sure of which is hereby incorporated by reference. 
[0039] The photomultiplier tube 1 having the above- 
described structure operates as described below. 
[0040] The focusing electrode plate 7, the dynode unit 30 
10, the anode unit 13, and the inverting dynode plate 15 
are supplied with predetermined electric voltages via 
the pins 23. When light falls incident on the photomulti- 
plier tube 1 from outside of the envelope 200, the light is 
converted into photoelectrons at the photocathode 4. As 3s 
indicated by an arrow in Fig. 9, the photoelectrons con- 
vergently pass through one opening 9i (i-th channel; 
1 sis 16) of the focusing electrode plate 7 before enter- 
ing the i-th through-hole 12i of the dynode plate 1 1 . The 
photoelectrons are multiplied in a cascade manner in 40 
the multistage of the dynode> plates 11 along the i-th 
channel, and are outputted from the dynode unit 10. 
The photoelectrons then pass through the i-th electron 
passage gap 14i, and fall incident on the i-th electron 
incident strip 17i of the inverting dynode plate 15. Sec- 45 
ondary electrons are. then generated at the electron 
incident strip 17i, and are attracted to the i-th anode 24i. 
[0041] As shown in Figs. 5 and 6, each electron inci- 
dent strip 17i has the rising surface 18c and the main 
flat surface 18a, both of which confront the anode 24i of so 
the same channel. The equipotential surfaces formed 
between the electron incident strip 17i and the corre- 
sponding anode 24i can guide the secondary electrons, 
generated at the strip 17i, in a direction orthogonal to 
the equipotential surfaces, i.e., in a direction toward the ss 
anode 24i. Accordingly, the secondary electrons emit- 
ted from the strip I7i will reach the anode 24i of the 
same channel, but will not stray to other anodes 24. 



Thus, the anodes 24 can be used in one to one corre- 
spondence with the electron incident strips 17 of the 
inverting dynode plate 15. It is possible to suppress the 
crosstalk generation between the adjacent anodes 24. 
[0042] Thus, position-dependent light intensity detec- 
tion can be performed by the sixteen anodes 24 with 
high accuracy. That is, the photomultiplier tube 1 can 
detect the position where light is incident on the face- 
plate 3 by determining which leads 23 from the anodes 
24 produce the greatest current Because the current 
from the leads 23 varies dependent on the amount of 
incident light, the leads 23 which output the greatest 
current will be those directly beneath the position where 
light is incident on the photomultiplier tube 1. Because 
the anodes 24 are arranged in the one dimensional 
array along the direction D, it is possible to detect the 
light incident position one-dimensionally along the 
direction D. 

[0043] As described above, according to the first 
embodiment, the dynode unit 10 is constructed from the 
plurality of stages of dynodes 11 laminated one on 
another for multiplying incident electrons in a cascade 
manner through each of the plurality of channels. The 
anode unit 13 has the plurality of anodes 24 which 
define the plurality of electron passage gaps 1 4 each for 
transmitting therethrough electrons emitted from the 
dynode unit 10 at a corresponding channel. The invert- 
ing dynode plate 15 is provided with the plurality of elec- 
tron incident strips 17 each for receiving electrons 
having passed through the corresponding electron pas- 
sage gap 14 in the anode unit 13, multiplying the elec- 
trons, and guiding the electrons back to the 
corresponding anode 24. Each electron incident strip 17 
is designed to have: the main surface 18a confronting 
the electron passage gap 14; and the rising surface 18c 
rising toward the anode unit 13 from the edge 18b of the 
main surface 1 8a which is located at a position confront- 
ing the electron passage gap 14 in the anode unit 13. 
Both of the main surface 18a and the rising surface 18c 
of each electron incident strip 17 face in a direction 
toward a corresponding anode. 
[0044] A second embodiment will be described below 
with reference to Figs. 10 through 15. The components 
in the present embodiment the same as or similar to 
those in the first embodiment are indicated by the same 
reference numerals. 

[0045] A photomultiplier tube 1 of the present embod- 
iment is the same as that of the first embodiment except 
that the photomultiplier tube 1 of the present embodi- 
ment is provided with an electron multiplier assembly 27 
shown in Fig. 10. In this multiplier assembly 27, the 
anode unit 13 includes four anodes 13A which are 
arranged in a matrix form. This photomultiplier tube can 
therefore detect light incident position two-dimension- 
ally. 

[0046] The electron multiplier 27 of the present 
embodiment will be described below in greater detail. 
[0047] As shown in Fig. 1 1 , the anode unit 13 of the 
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present embodiment is constructed from four anodes 
13A (13Aa1, 13Aa2, 13Ab1, and 13Ab2) which are 
arranged in a two-dimensional matrix formi That is, the 
four anodes 13Aa1, 13Aa2, 13Ab1, and 13Ab2 are 
arranged in a two by two matrix form and are electrically 
insulated from one another. Each of the anodes 13 A is 
formed with a plurality of (seven, for example) electron 
passage through-holes 14. The electron passages 14 
are arranged in a one-dimensionaJ array in the predeter- 
mined direction D in each anode 13A. In other words, 
each anode 1 3A has a plurality of anode strips 24 which 
are separated from one another by the passages 14. 
Each strip 24 is elongated in a direction orthogonal to 
the direction D. 

[0048] The four anodes 13Aa1. 13Aa2, 13Ab1. and 
13Ab2 are electrically insulated from one another. That 
is, the anodes 13Aa1 and 13Ab1 are spaced from each 
other with a gap 13B therebetween. The anodes 13Aa2 
and 13Ab2 are also spaced from each other with the 
gap 13B therebetween. A gap 14a is formed between 
the adjacent anodes 13Aa1 and 13Aa2 and between 
the adjacent anodes 13Ab1 and 13Ab2. The gap 14a 
serves as an additional electron passage 14 which is 
located between an edge anode strip 24a 1 of the anode 
13Aa1 and an edge anode strip 24a2 of the anode 
13Aa2. The gap 14a also serves as an additional elec- 
tron passage 14 which is located between an edge 
anode strip 24b1 of the anode 13Ab1 and an edge 
anode strip 24b2 of the anode l3Ab2. 
[0049] The inverting dynode plate 1 5 employed in the 
present embodiment is shown in Fig. 12. The inverting 
dynode plate 15 has not only the frame portion 29 but 
also a spine portion 25. The spine 25 is in a line shape 
extending in the direction D and is located in confronta- 
tion with the linear gap 13B of the anode unit 1 3 (shown 
in Fig. 1 1). The spine 25 divides the dynode plate 15 
into two regions 15a and 15b. Each of the regions 15a 
and 15b has a plurality of electron incident strips 17 
which are arranged in a one-dimensional array along 
the direction D. Each electron incident strip 17 is elon- 
gated in a direction orthogonal to the direction D, and is 
located in confrontation with a corresponding electron 
passage 14 of the anode unit 13. Each two adjacent 
electron incident strips 17, arranged in the direction D, 
are separated from one another with a through-hole 16 
therebetween. 

[0050] As shown in Figs. 1 2 through 1 4, each electron 
incident strip 17 has an electron incident surface 18 on 
its upper surface. Similarly to the first embodiment, the 
electron incident surface 18 is formed with a secondary 
electron emitting layer. The electron incident surface 18 
of each electron incident strip 17 includes a main flat 
surface 1 8a and a rising surface 18c. The rising surface 
18c rises or extends upwardly toward the anode unit 13 
from an edge 18b of the main surface 18a. The edge 
18b is defined as an edge of the surface 18a along its 
widthwise direction, i.e., along the direction D. In other 
words, the electron incident strip 1 7 has a main flat por- 



tion 17a and a protrusion wall portion 17c protruding 
upwardly from a leftside edge 17b of the main flat por- 
tion 1 7a in Fig. 1 3. The flat portion 1 7a has the main flat 
surface 18a as its upper surface, and the protrusion wall 
5 portion 1 7c has the rising surface 1 8c as its surface fac- 
ing rightwardly. Both of the surfaces 18a and 18c of 
each electron incident strip 17 thus confront a corre- 
sponding anode strip 24. 

[0051 ] With this structure, in each of the regions 15a 
io and 1 5b, the plurality of electron incident portions 1 7 are 
located relative to the passages 1 4 and the anode strips 
24 as shown in Fig. 1 3 in the same manner as in the first 
embodiment. That is, each electrode strip 17 is located 
for receiving electrons that have passed through its con- 
15 fronting through-hole 14, for emitting secondary elec- 
trons, and for properly guiding the secondary electrons 
to a corresponding anode strip 24 that is located just to 
the right of the corresponding through-hole 14. It is 
therefore possible to suppress crosstalk between each 
20 pair of adjacent anode strips 24 arranged in the direc- 
tion D. 

[0052] According to the present embodiment, as 
shown in Fig. 14, the electron incident surface 18 of 
each electron incident portion 17 further includes 

25 another rising surface 26. The rising surface 26 rises or 
extends upwardly from another edge 18e of the main 
surface 18a, the edge 18e being defined as an edge of 
the surface 18a along its longitudinal direction, i.e., 
along a direction orthogonal to the direction D. The ris- 

30 ing surface 26 of each strip 17 therefore confronts the 
corresponding anode strip 24. The rising surface 26 is 
connected to the spine 25. The rising surface 26 is 
curved with respect to the main flat surface 18a. 
[0053] Thus, the spine 25 is connected to the main 

35 surface 18a of each electron incident surface 1 7 via the 
curved rising surface 26. Accordingly, it is possible to 
suppress crosstalk between each pair of electron inci- 
dent strips 17 and 17 which are arranged adjacent to 
each other with the spine 25 being sandwiched therebe- 

40 tween. That is. it is possible to suppress crosstalk 
between the anodes 13Aa1 and 13Ab1 and between 
the anodes 13Aa2 and 13Ab2. 
[0054] It is noted that the rising surface 26 may not be 
curved, but may be slanted relative to the main surface 

45 18a in the same manner as the rising surface 18c 
shown in Fig. 7(a). The corner between the main sur- 
face 18a and the rising surface 26 may be right angled 
as shown in Fig. 7(a). Only the corner between the main 
surface 18a and the rising surface 26 may be curved or 

so slanted as shown in Figs. 7(b) and 7(c). 

[0055] As shown in Fig. 1 2, the inverting dynode plate 
1 5 further has a rising wall 28 which rises upwardly from 
an edge 18d of the main flat surface 18a, of each elec- 
tron incident portion 17, to the frame portion 29 in the 

55 same manner as in the first embodiment. 

[0056] It is noted that according to the present embod- 
iment, it is sufficient to prevent crosstalk between the 
four anodes 13 A from one another. The rising surfaces 
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26 rising from the main flat surfaces 18a to the central 
frame 25 can prevent crosstalk between the anodes 
13Aa1 and 13Ab1 and between the anodes 13Aa2 and 
13Ab2. In order to prevent crosstalk between the 
anodes 13Aa1 and 13Aa2 and between the anodes 5 
13Ab1 and 13Ab2, on the other hand, it is sufficient to 
provide the rising walls 18c only to two electron incident 
strips 1 71 and 1 72 shown in Fig. 12 that are arranged to 
guide electrons to the two anode strips 24a2 and 24b2 
shown in Fig. 11 that are located in the edges of the 10 
anodes 13Aa2 and 13Ab2. 

[0057] It is noted that as shown in Fig. 10, the focusing 
electrode plate 7 is designed to have a spine for dividing 
the electrode plate 7 into two regions in the same man- 
ner as the inverting dynode plate 1 5. Each region has a is 
plurality of (fourteen, in this example) slit-shaped open- 
ings 9 which are arranged in a one-dimensional array 
along the predetermined direction D. 
[0058] The block-shaped dynode unit 10 is located 
below the focusing electrode plate 7. Each of the plural- 20 
ity of dynode plates 11, constituting the dynode unit 10. 
has a plurality of slit-shaped through-holes 12 in corre- 
spondence with the plurality of electron incident strips 
17 in the inverting dynode plate 15. Thus, each dynode 
plate is formed with a plurality of (28, in this example) 25 
channels which are arranged in a matrix shape as 
shown in Fig. 10. 

[0059] While the invention has been described in 
detail with reference to the specific embodiments 
thereof, it would be apparent to those skilled in the art 30 
that various changes and modifications may be made 
therein without departing from the spirit of the invention. 
[0060] For example, as shown in Fig. 15, a relatively 
thick dynode plate is used as the inverting dynode plate 
1 5. The thick dynode plate is deeply cut to form the plu- 35 
rality of electron incident strips 17. Each strip 17 there- 
fore has the main surface 18a and a relatively long 
protruding portion P having the rising surface 18c ther- 
eon. The dynode plate 15 is positioned relative to the 
anode unit 13 so that the protruding portion P of each 40 
electron incident strip 17 enters a corresponding elec- 
tron passage 14. In this case, it is possible to completely 
separate the pair of adjacent anodes 24 from each 
other. One-to-one correspondence between the elec- 
tron incident strips 17 and the anodes 24 can thus be 45 
assured. It is possible to further suppress the crosstalk 
between the respective anodes. 
[0061] The electron multiplier assembly 27 can be 
used as an electron multiplier when the electron multi- 
plier assembly 27 is not mounted in the envelope 200, so 
but is used in a vacuum chamber although not shown in 
the drawings. 

[0062] As described above, according to the photom- 
ultiplier tube of the present invention, when electrons fall 
incident on a certain channel of the dynode unit, elec- ss 
trons are multiplied in a cascade manner through that 
channel in the multistage dynodes, and pass through 
the electron passage gap in the anode unit of the same 



channel. The electrons then fall incident on the subject 
channel of the inverting dynode, whereupon the invert- 
ing dynode emits secondary electrons. 
[0063] According to the present invention, at each 
channel, the electron incident portion of the inverting 
dynode plate is designed to have: the main surface con- 
fronting the electron passage gap formed through the 
anode unit; and the rising surface rising toward the 
anode unit from the edge of the main surface at a posi- 
tion confronting the electron passage gap. With this 
structure, both of the main surface and the rising sur- 
face of the electron incident portion face toward the 
anode of the same channel. Accordingly, equipotential 
surfaces, established between each electron incident 
portion and a corresponding anode, can properly guide 
the secondary electrons from the electron incident por- 
tion in a direction orthogonal to the equipotential sur- 
faces, that is. in a direction toward the anode. 
Accordingly, one-to-one correspondence between the 
anodes and the electron incident portions can be relia- 
bly established. Crosstalk between adjacent anodes 
can be greatly suppressed. 

Claims 

1 . An electron multiplier, comprising: 

an electron multiplying portion constructed 
from a plurality of stages of dynodes laminated 
one on another, each stage of dynode plate 
having a plurality of channels each for multiply- 
ing incident electrons, the electron multiplying 
portion multiplying incident electrons in a cas- 
cade manner through each of the plurality of 
channels; 

an anode unit having a plurality of anodes 
defining a plurality of electron passage gaps 
each for transmitting therethrough electrons 
emitted from a corresponding channel of the 
electron multiplying portion; and 
an inverting dynode having a plurality of elec- 
tron incident portions each for receiving elec- 
trons having passed through a corresponding 
electron passage gap in the anode unit and for 
guiding the electrons back to the correspond- 
ing anode, each of the plurality of electron inci- 
dent portions including a main surface 
confronting the corresponding electron pas- 
sage gap and a rising surface which rises in a 
direction toward the anode unit from an edge of 
the main surface which is located at a position 
confronting the corresponding electron pas- 
sage gap. 

2. An electron multiplier as claimed in claim 1 , wherein 
each of the plurality of electron incident portions 
includes a main portion having the main surface 
which confronts the corresponding electron pas- 
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sage gap and a rising portion which rises in a direc- 
tion toward the anode unit from an edge of the main 
portion, the edge being located at a position con- 
fronting the corresponding electron passage gap, 
the rising portion having the rising surface which 5 
rises from the main surface. 

3. An electron multiplier as claimed in claim 2, wherein 
the rising surface of each electron incident portion 
confronts the corresponding anode. w 

4. An electron multiplier as claimed in claim 3, wherein 
the main surface is flat, and the rising surface is 
curved relative to the main surface, or a corner 
defined between the main surface and the rising is 
surface is curved. 

5. An electron multiplier as claimed in claim 3, wherein 
the main surface is flat, and the rising surface is 
slanted relative to the main surface or a corner 20 
defined between the main surface and the rising 
surface is slanted. 

6. An electron multiplier as claimed in claim 3, 4 or 5, 
wherein the main surface is flat, and a corner 25 
defined between the main surface and the rising 
surface is right angled. 

7. An electron multiplier as claimed in any preceding 
claim, wherein the plurality of anodes are strip- 30 
shaped and arranged in one-dimensional array in a 
single direction. 

8. An electron multiplier as claimed in any one of 
claims 1 to 6, wherein the plurality of anodes are 35 
arranged in a matrix structure, the inverting dynode 
having a separating portion for dividing the plurality 

of electron incident portions into at least two 
groups, each electron incident portion further 
including a separating rising surface which rises in 40 
a direction toward the anode unit from an end of the 
main surface at a position confronting the electron 
passage gap of the corresponding anode and 
which connects the main surface to the separating 
portion. 45 

9. An electron multiplier as claimed in any preceding 
claim, further comprising a faceplate formed with a 
photocathode. 

50 
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